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(57) Abstract 

During measurement of infrared radi- 
ation by means of an infrared sensor (16) 
based on a thermopile (34), for example in 
hair dryers, a voltage is generated which is 
proportional to the temperature difference 
between the cold junction and the hot junc- 
tion of the thermopile (16). The hot junction 
is exposed to infrared radiation from an ob- 
ject whose temperature is monitored or mea- 
sured. The temperature of the cold junction 
is measured by means of a junction temper- 
ature sensor (28) accommodated in the in- 
frared sensor (16). The voltage of the ther- 
mopile (34) is subject to tolerances and not 
accurate, as a result of which the calcula- 
tion of the temperature of the hot junction 
is also inaccurate. By heating the cold junc- 
tion to an adjustable reference temperature 
by means of a heating element (42) it is pos- 
sible to detect whether the hot junction has 
a temperature equal to the reference temper- 
ature on the basis of a zero signal voltage 
from the thermopile (34). It is also possible 
to heat the cold junction until the temper- 
ature of the cold junction is equal to that 
of the hot junction, which can be detected 
accurately in that the signal voltage of the 
thermopile (34) becomes zero. Both junc- 
tions then have a temperature indicated by the built-in junction temperature sensor (28). 
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Device for measuring the temperature of an object by means of a thermocouple infrared 
sensor, and thermal electrical appliance including such a device. 



The invention relates to a device for measuring the temperature of an 
object, which device comprises: an infrared sensor, which infrared sensor comprises a 
thermocouple having a first junction, which is exposed to infrared radiation emanating from 
the object in. operation, and a second junction, which is at a reference temperature in 
5 operation, and a junction temperature sensor for measuring the temperature of the second 
junction. 

The invention also relates to a thermal electrical appliance comprising 
electric heating means for heating an object, an infrared sensor for measuring the 
temperature of the object, and Cunixoi means for controlling the heat output of the electric 
10 heating mean in response to a signal from the infrared sensor, the infrared sensor comprising 
a thermocouple having a first junction, which is exposed to infrared radiation emanating from 
the object in operation, and a second junction, which is at a reference temperature in 
operation, and a junction temperature sensor for measuring the temperature of the second 
junction. 

15 Such a device and such a thermal appliance are known from, inter alia,. 

UK Patent Application GB-A-2 093 343, which discloses a hair dryer having an infrared 
sensor which measures the temperature of the hair to be dried. For this purpose the infrared 
sensor is mounted on the housing of the hair dryer and an optical system focuses the infrared 
radiation from the hair onto the infrared sensor, which generates a signal which is 

20 proportional to the received infrared radiation and is consequently a measure of the 
temperature of the hair. The signal is used for controlling the heat output of the heating 
element of the hair dryer so as to preclude overheating of the hair and burning of the scalp. 
The infrared sensor mentioned in said Patent Application is a so-called thermopile, which 
comprises a plurality of thermopiles arranged in series. A thermocouple, whose operation is 

25 taken to be known per se, supplies a voltage which is proportional to the temperature 

difference between the so-called cold junction and hot junction of the thermocouple. The hot 
junction is heated by direct or indirect heat transfer from the object whose temperature is to 
be measured. In said hair dryer the hot junction is exposed to infrared light emana t i n g from 
the hair to be dried. The cold junction is not exposed to radiation and is at a reference 
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temperature, which is generally equal to the ambient temperature. The thermocouple supplies 
a signal voltage whose magnitude is proportional to the temperature difference between the 
cold junction and hot junction. In order to be able to determine the temperature of the object 
it is therefore necessary to know the temperature of the cold junction. For this purpose, use 
5 is made of a junction temperature sensor by means of which the temperature of the cold 
junction can be measured. Thermopiles having a built-in junction temperature sensor are 
commercially available. 

A drawback of the known device and the known appliance is that the 
accuracy of the measurement of the temperature of the hair is not very high. This is caused 

10 inter alia by tolerances in the construction and the sensitivity of the thermopile sensor itself 
but also by the degree in which the infrared radiation is generated in the hair and the manner 
in which the infrared radiation is focused on the sensor. There is a fairly large tolerance on 
the signal voltage of the thermocouple or the thermopile for a given quantity of infrared - 
radiation. Such a problem occurs in other thermal electrical appliances using infrared 

15 temperature measurement, such as toasters, ovens, cooktops, irons, radiant heaters, which 
heat an object or a space and which measure the temperature of the object or space by means 
of an infrared sensor. The problem also occurs in the case of a direct temperature 
measurement based on infrared measurement by means of a thermocouple or thermopile, for 
example in a clinical thermometer which determines the body temperature on the basis of 

20 infrared radiation emanating from the tympanic membrane of a person. 

It is an object of the invention to solve this problem. To this end, the 
device and the thermal electrical appliance of the type defined in the opening paragraphs are 
characterized in that the device further comprises: junction heating means for heating the 
second junction to a predetermined temperature. 

25 The junction heating means enable the cold junction to be heated until the 

temperature difference between the hot junction and the cold junction is zero. Under these 
conditions the signal voltage generated by the thermocouple or the thermopile is substantially 
zero. The cold junction temperature which is then measured by means of the junction 
temperature sensor corresponds to the hot junction temperature and is now a measure of the 

30 temperature of the object. The tolerance in the generated signal voltage now does not play a 
role. 

In thermal electrical appliances in which an object is heated by hot air it is 
favourable to heat the cold junction to a temperature which corresponds to the desired 
temperature of the object to be heated. The output signal of the thermocouple becomes zero 
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as soon as the hot junction has reached the same temperature as the cold junction as a result 
of the infrared radiation from the object. When the output signal becomes zero this indicates 
that the object has reached the desired temperature and that the hot air can be turned off. The 
thermocouple sensor does not produce an error when the temperatures of the hot junction and 
5 the cold junction are equal. As long as the temperatures of the hot junction and the cold 
junction are not yet equal there is merely an error in the gain of the control system. 

The junction heating means for heating the cold junction can be 
constructed in various ways. This is possible by means of a special heating resistor which, 
for this purpose, is accommodated in the body which also accommodates the thermocouple or 

10 thermopile, or by means of a heating resistor or heating wire which heats the cold junction 
from the outside. If the junction temperature sensor is a temperature dependent resistor 
which is thermally coupled to the cold junction, it is also possible to use the temperature 
dependent resistor for heating the cold junction. A proper thermal coupling between the 
temperature dependent resistor and the cold junction provides a short response time. A 

15 further alternative is the use of the thermocouple itself as a junction heating means, which 
enables an even faster response to be achieved. In both cases heating of the cold junction can 
be effected during only a part of the available time because the temperature dependent 
resistor or the thermocouple have a double function. 

20 These and other aspects of the invention will be described and elucidated 

with reference to the accompanying drawings, in which: 

Figure 1 shows a hair dryer with an infrared sensor; 
Figure 2 is a sectional view of an infrared sensor; 
Figure 3 is a plan view of an infrared sensor; 
25 Figure 4 shows a first circuit diagram of an electronic circuit for use in a 

device for temperature measurement in accordance with the invention; 

Figure 5 shows a second circuit diagram of an electronic circuit for use in 
a device for temperature measurement in accordance with the invention; 

Figure 6 shows a third circuit diagram of an electronic circuit for use in a 
30 device for temperature measurement in accordance with the invention; 

Figure 7 shows a fourth circuit diagram of an electronic circuit for use in 
a device for temperature measurement in accordance with the invention. 

In these Figures parts having a similar function or purpose bear the same 

reference signs. 
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Figure 1 shows a hair dryer 2 which comprises a housing 4 having an air 
inlet opening 6 and an outlet opening 8, between which an electrical heating element 10 is 
arranged to heat the air which is drawn in through the air inlet opening 6 by a motor-driven 
fan 12 and which is expelled through the outlet opening 8. In operation the user aims the 
5 outlet opening 8 at the hair 14 of the scalp in order to dry the hair. The temperature of the ' 
hair is measured by means of an infrared sensor 16, which is mounted, for example, in the 
center of the outlet opening 8. However, mounting at the circumference of the outlet opening 
8 is also possible. The infrared sensor 16 is electrically coupled to control means 18 which 
control the heat output of the electrical heating element 10 in dependence upon the measured 

10 hair temperature. When a given hair temperature is reached the control means 18 reduce or 
stop the supply of heat by the heating element 10 and/or change the speed of the fan 12 in 
order to preclude overheating of the hair 14 or burning of the scalp of the user. 

Figure 2 is a sectional view and Figure 3 is a plan view of the infrared 
sensor 16. The sensor includes one thermocouple or a plurality of series-connected 

15 thermocouples, each comprising a hot junction 20 and a cold junction 22. A group of 

thermocouples connected in series is referred to as a thermopile. Only one pair of junctions 
is shown. The hot junction 20 is exposed to infrared light IR and is accommodated in a zone 
24 made of a material having a low thermal capacity and a high thermal resistance. The cold 
junction 22 is arranged in a zone 26 made of a material having a high thermal capacity and a 

20 low thermal resistance. The temperature of the cold junction 22 can be measured by means 
of a junction temperature sensor 28 which is accommodated in the zone 26 and which 
consequently has a good thermal coupling to the cold junction 22. The junction temperature 
sensor 28 comprises a resistor having a negative temperature coefficient (NTC resistor). Both 
the NTC resistor 28 and the thermocouple or the thermopile have electrical connection 

25 terminals (not shown) which have been led out. Infrared sensors of the type as shown in 
Figures 2 and 3 are commercially available. 

The thermocouple in the infrared sensor 16 supplies a signal voltage 
which is proportional to the temperature difference between the hot junction 20 and the cold 
junction 22. Since the temperature of the cold junction is known from the resistance value of 

30 the NTC resistor 28, the temperature of the hot junction 20 can be determined on the basis 
of the signal voltage of the thermocouple or the thermopile. This determination is not very 
accurate because there is a substantial tolerance on the signal voltage when the hot junction is 
exposed to a given quantity of infrared radiation. According to the invention this tolerance in 
determining the temperature of the hot junction is avoided by heating the cold junction 22 so 
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far that the signal voltage of the thermocouple or the thermopile is substantially zero. Zero 
detection of an electric signal can be effected very accurately and by comparatively simple 
means. When the signal voltage of the thermocouple becomes zero this indicates that the 
temperature of the hot junction 20 is equal to the temperature of the cold junction 22. The 
5 temperature of the cold junction 22 can be measured in the customary manner by means of ' 
the NTC resistor 28. The cold junction 22 can be heated by means of a special heating 
element accommodated in the zone 26 of the infrared sensor 16 but it is alternatively possible 
to use external heating. Furthermore, the NTC resistor 28 can also be used as a means for 
heating the cold junction 22, which has the advantage that the response time is short as a 

10 result of the good thermal coupling between the NTC resistor 28 and the cold junction 22 
and that use can be made of components which are present anyway. Yet another possibility is 
the use of the thermocouple or the thermopile itself as a heat source for heating the cold 
junction. The NTC resistor and the thermocouple or the thermopile then have a double 
function, which should be performed in different time intervals. 

15 By heating the cold junction 22 until its temperature is equal to that of the 

hot junction 20 an arbitrary temperature of the hot junction 20 can be determined accurately. 
In thermal electrical appliances such as hair dryers it is often more important to know 
whether the object to be heated has reached a given temperature, for example 60 degrees 
Celsius for hair-drying. In such cases it is advantageous to heat the cold junction 22 to a 

20 given temperature which corresponds to the temperature of the hot junction under the desired 
operating conditions of the object to be heated. As soon as the object to be heated has 
reached the given temperature the temperature difference between the hot junction 20 and the 
cold junction 22 is zero and action can be taken, for example in the hair dryer described 
above, by reducing the heat supplied by the heating element 10 and/or by changing the speed 

25 of the fan 12 in order to preclude overheating of the hair 14 or burning of the scalp of the 
user. 

Figure 4 is a circuit diagram of an electronic circuit in accordance with 
the inventive principles and suitable for use in thermometers or in thermal electrical 
appliances. The infrared sensor 16 is of a construction as shown in Figures 2 and 3. The 
30 NTC resistor 28 has terminals 30 and 32, which are connected to a circuit, not shown, which 
measures the resistance of the NTC resistor 28 and converts the measurement result into a 
temperature value, which is for example displayed on a display of a thermometer. The 
thermocouple or thermopile is shown as a voltage source 34 connected to a differential 
amplifier 40 via two terminals 36 and 38, which amplifier amplifies the signal voltage from 
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the thermocouple 34 to a suitable level. The cold junction of the infrared sensor 16 is heated 
by means of a heating element 42, which is arranged at a suitable location in the body of the 
infrared sensor 16. The heating element 42 is powered with a supply voltage Vcc via a 
switching transistor 44, which is turned on by a comparator 46, which compares the signal 
5 voltage from the thermocouple 34 with zero volt. The output of the comparator 46 is high as 
long as the hot junction is colder than the cold junction, in which case the switching 
transistor 44 is conductive and the heating element 42 is energized. When the cold and the 
warm junction are at the same temperature the signal voltage becomes zero and the output 
voltage of the comparator 46 changes over from a comparatively high voltage to a 

10 comparatively low voltage, as a result of which the switching transistor 44 is cut off. This 
situation persists until the temperature of the hot junction drops below that of the cold 
junction. Thus, a control circuit is obtained, which keeps the temperature difference between 
the hot junction and the cold junction of the infrared sensor substantially at zero. The 
temperatures of both junctions can be measured by means of the NTC resistor 28. 

15 Figure 5 is a second circuit diagram of an electronic circuit in accordance 

with the inventive principles and suitable for use in thermal electrical appliances by means of 
which an object or a space is to be heated, such as hair dryers, fan heaters etc. The infrared 
sensor 16 and the differential amplifier 40 are identical to those of Figure 4. However, in the 
present circuit the temperature of the cold junction is brought to a given value by means of 

20 the heating element 42. For this purpose the switching transistor 44 is controlled by means of 
a comparator 48, which compares the instantaneous temperature of the cold junction with an 
adjustable reference temperature. The adjustable reference temperature is obtained by means 
of a variable voltage divider 50-52 which has its tap connected to the inverting input of the 
comparator 48. The instantaneous temperature is detected by means of a second voltage * 

25 divider comprising a fixed resistor 54 and the NTC resistor 28. The comparator 48 keeps the 
switching transistor 44 in the conductive state and the heating element 42 is energized as long 
as the cold junction is colder than the adjusted temperature. As soon as the cold junction has 
reached the adjusted temperature the switching transistor 44 is cut off and the heating of the 
cold junction is turned off. The zero crossing of the output signal of the differential amplifier 

30 40 indicates the instant at which the temperature of the hot junction has become equal to that 
of the cold junction and is consequently equal to the adjusted reference temperature. 

Figure 6 shows a circuit whose operation is the same as that of Figure 5. 
However, the heating element 42 has been dispensed with and the NTC resistor 28 is now 
used for heating the cold junction. The NTC resistor 28 now has a double function, i.e. that 
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of cold junction temperature sensor and that of cold junction heating means. The NTC 
resistor 28 is connected between ground and the negative input of a comparator 56, which 
has its positive input connected to ground via an adjustable resistor 58. The negative input 
and the positive input of the comparator 56 are connected to a node 64 via respective 
5 resistors 60 and 62, which node is connected to a positive supply voltage Vcc via a resistor 
66. A PNP switching transistor 68 is connected in parallel with the resistor 66, the base of 
this transistor being driven by the output of the comparator 56. As long as the resistance of 
the NTC resistor 28 is higher than that of the adjustable resistor 58 the voltage on the 
negative input of the comparator 56 is greater than that on the positive input and the output 

10 of the comparator 56 is comparatively low, as a result of which the PNP transistor 68 
conducts and short-circuits the resistor 66. This results in a comparatively large current 
through the NTC resistor 28, the cold junction then being heated by the heat dissipation in 
the NTC resistor 28. As a result of the increasing temperature the resistance of the NTC 
resistor 28 decreases until the instant at which the resistance of the NTC resistor 28 becomes 

15 smaller than that of the adjustable resistor 58 and the output of the comparator 56 changes 
over to a comparatively high value, causing the PNP switching transistor to be cut off. 
Owing to the resistor 66 the current through the NTC resistor 28 is now comparatively 
small, as a result of which this resistor hardly dissipates so that the heating of the cold 
junction ceases. 

20 Figure 7 shows a circuit whose operation is the same as that of Figure 4 

or that of Figure 5 but in which the thermocouple or the thermopile 34 is used as a heating 
means for the cold junction. The temperature of the cold junction is measured by means of 
the NTC resistor 28, which is arranged in series with a resistor 70. The voltage variation 
across the NTC resistor 28 is measured by means of a first analog-to-digital converter (ADC) 

25 and is converted into a digital signal which is a measure of the temperature of the cold 

junction. The digital signal is processed in a microcontroller 74. The cold junction is heated 
by means of a current from a current source 76, which current flows through the internal 
resistance 80 of the thermopile 34 via a switch 78. The microcontroller 74 interrupts the 
current at regular instants to sample the amplified signal voltage of the thermopile on the 

30 output of the differential amplifier 40 via a second analog-to-digital converter 82 whose 

digital signal is also applied to the microcontroller 74. Any one of the measurement methods 
of Figures 4 and 5 can be carried out by suitably programming the microcontroller 74. 
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1. A device for measuring the temperature of an object (14), which device 
comprises: an infrared sensor (16), which infrared sensor comprises a thermocouple (34) 
having a first junction (20), which is exposed to infrared radiation emanating from the object 
(14) in operation, and a second junction (22), which is at a reference temperature in 

5 operation, and a junction temperature sensor (28) for measuring the temperature of the 
second junction (22), characterized in that the device further comprises: junction heating 
means (42) for heating the second junction (22) to a predetermined temperature. 

2. A device as claimed in Claim 1, characterized in that the predetermined 
temperature is a temperature at which the thermocouple (34) generates an output signal which 

10 is substantially zero, 

3. A device as claimed in Claim 1 or 2, characterized in that the junction 
heating means comprise a resistor (42) for heating the second junction (22) of the 
thermocouple (34). 

4. A device as claimed in Claim 1 or 2, characterized in that the junction 
15 heating means comprise the thermocouple (34, 80) itself. 

5. A device as claimed in Claim 1, 2, 3 or 4, characterized in that the 
junction temperature sensor is a temperature dependent resistor (28) which is thermally 
coupled to the second junction (22) of the thermocouple (34). 

6. A device as claimed in Claim 1, 2 or 3, characterized in that the junction 
20 temperature sensor and the junction heating means comprise a temperature dependent resistor 

(28) which is thermally coupled to the second junction (22) of the thermocouple (34). 

7. A thermal electrical appliance (2) comprising electric heating means (10) 
for heating an object (14), an infrared sensor (16) for measuring the temperature of the 
object (14), and control means (18) for controlling the heat output of the electric heating 

25 means (10) in response to a signal from the infrared sensor (16), the infrared sensor (16) 
comprising a thermocouple (34) having a first junction (20), which is exposed to infrared 
radiation emanating from the object (14) in operation, and a second junction (22), which is at 
a reference temperature in operation, and a junction temperature sensor (28) for measuring 
the temperature of the second junction (22), characterized in that the appliance (2) further 
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comprises: junction heating means (42, 28, 34) for heating the second junction (22) to a 
predetermined temperature. 

8. A thermal electrical appliance as claimed in Claim 7, characterized in that 
the control means (18) comprise: a comparator (46, 48, 56, 74) for generating a control 

5 signal in response to a comparison of a signal from the junction temperature sensor (28) with 
a reference signal, and means (44, 68, 78) for activating the junction heating means (42, 28, 
34) in response to the control signal. 

9. A thermal electrical appliance as claimed in Claim 8, characterized in that 
the junction heating means and the junction temperature sensor are constructed by means of a 

10 common temperature dependent resistor (28) which is thermally coupled to the second 
junction (22) of the thermocouple (34). 

10. A thermal electrical appliance as claimed in Claim 7, characterized in that 
the junction heating means comprise the thermocouple (34, 80) itself. 
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